Experimental procedures.
UV-visible studies of nitroxyl species. Reactions conditions employed for the UV-visible spectroscopic studies of nitroxyl speciation under acidic conditions and their reactions with NO x species are provide in the figure captions associated with each experiment. UV-visible spectra were measured using a 1 cm path length Schlenk cuvette with a sidearm bulb. Solutions for spectroscopic measurements under nitrogen were deoxygenated by freeze-pump-thaw degassing. For reactions with NO x species, sodium nitrite was added as an aqueous solution to the sidearm bulb of the Schlenk cuvette, which was then evaporated under vacuum to leave a solid deposit of the desired amount of NaNO 2 . The reaction was initiated by tipping the solution from the cuvette into the bulb, shaking vigorously, and then tipping the solution back into the cuvette. The solution and gas in the cuvette headspace were mixed further between the acquisitions of each spectrum.
Cyclic voltammetry studies. Cyclic voltammetry (CV) measurements were performed at a glassy carbon electrode that was polished with alumina before each experiment. An Ag/Ag + reference electrode and Pt wire counter-electrode were also used. At the end of each experiment, ferrocene (Fc) was added to the solution and a CV scan was taken to determine the Fc/Fc + potential relative to the reference electrode. All measured potentials are reported relative to Fc. 1 Electrolysis experiments were performed in a glass cell with a frit dividing the working and counter electrode compartments ( Figure S1 ). The solution volume in the working electrode compartment during electrolysis experiments was 40 ml. The working electrode consisted of a block of reticulated vitreous carbon (RVC), carbon rods were used as the counter electrode, and an Ag/Ag + reference electrode was placed near the working electrode. The immersed area of the RVC electrode (28 cm 2 ) was determined by capacitance comparison between it and a glassy carbon disc of known area. After each experiment, Fc was added to the solution and a CV scan was taken to determine the Fc/Fc + potential relative to the reference electrode. Prior to electrolysis, the solution was purged with either nitrogen or oxygen and electrolysis was performed with the cell sealed under a static atmosphere of the desired gas. CV experiments utilizing NO x were performed by adding NaNO 2 to the electrolysis cell after gas purging and allowing the mixture to stir until dissolution of the solid was complete. For electrolysis experiments utilizing NO x , the electrolysis was begun while the NaNO 2 was still dissolving to prevent its decomposition before the start of the experiment. Electrolysis experiments performed under N 2 result in stoichiometric reduction of the electroactive species present. In a representative experiment, 0.83 mmol of NaNO 2 were added after a pre-electrolysis period during which the TEMPO was reduced until no current continued to flow ( Figure S2 , blue trace). During the electrolysis, TEMPO catalyzed the reduction of nitrite (which is in the NO + oxidation state), and 91.9 Coulombs were passed ( Figure S2 , red trace). This amount of charge corresponds to 0.95 mmol of electrons, or 1.1 e -per nitrite, suggesting that nitrite is reduced to NO. In contrast, under oxygen, current flows for a longer time even with a lower catalyst loading (cf. the red traces in Figures S2 and S3 ). In the presence of O 2 , the charge passed is equal to 149 e -per nitrite, or the reduction of 37 equivalents of oxygen. 
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Control experiments probing the origin of catalyst deactivation.
Several control experiments were performed to probe the origin of the loss of catalytic activity during the course of the reaction. If loss of NO x is responsible for the decrease in activity, then addition of nitrite during the electrolysis should return the catalytic system to full (or improved) activity. This hypothesis was tested by adding the original amount of nitrite in two portions, such that the initial TEMPO/NO x stoichiometry is 2:1 ( Figure S3 ). The electrolysis was performed under otherwise identical conditions, and the observed current fell to a lower value during steady-state catalysis, but the rate of decrease in activity appeared similar. Addition of the second half of the nitrite revived the catalyst to its initial level of activity. Curiously, the system showed the same break in slope and loss of activity as when the nitrite is added in one portion.
A subsequent experiment with ABNO as the catalyst and an initial ABNO:NaNO 2 ratio of 1:1 showed that addition of a second full equivalent of NaNO 2 regenerated the initial level of activity with the rapid loss of current taking place immediately ( Figure S4 When water is added to the TEMPO/NO x catalyst system, the break in slope appears at an earlier time, suggesting that water plays a role in limiting the catalyst lifetime ( Figure S5 ). The changes and spikes in current immediately after addition of water are due to slight shifts in the position of the stirbar in the cell. Addition of trifluoroacetic anhydride, a water scavenger, to the system has no immediate effect. The bicyclic nitroxyl 9-azabicyclo[3.3.1]nonane-N-oxyl (ABNO) also undergoes disproportionation in CH 3 CN on the addition of acid, but the reaction is much faster than with TEMPO and is complete by the time of the first spectrum ( Figure S10 ). Similar to TEMPOH, ABNOH undergoes NO x -catalyzed aerobic oxidation ( Figure S11 ). As with disproportionation, the NO x -catalyzed aerobic oxidation of ABNOH is faster than TEMPOH. From this result, it is possible to establish that the TEMPOH oxidation described in the main text is not limited by O 2 mass-transport. Although the presence of peaks at 350 -400 nm associated with HNO 2 during the aerobic oxidation of ABNOH ( Figure S11 ) suggest that the solution is not oxygen-starved, more detailed studies of the kinetics of the disproportionation and NO x -catalyzed aerobic oxidation of structurally diverse hydroxylamines and nitroxyls are both necessary and beyond the scope of the present work. 
Comparison of nitrite vs. nitrate as NO x sources.
Formation of reactive NO x species NO and NO 2 by protonation of nitrite is straightforward. In contrast, nitrate is typically less reactive. However, under acidic, dehydrating conditions, nitrite will also react with nitrate to form NO 2 (Scheme 4 in the main text). The presence of TEMPO will make this activation of nitrate autocatalytic, as is seen from a longer induction period when NaNO 3 is used as the NO x precursor ( Figure S12 ). The electrode reaction for oxidation of TEMPO is fast (k a in Scheme 4 in the main text), consistent with the rapid electron self-exchange reaction of TEMPO + /TEMPO observed previously by EPR line broadening.
10 -12 This feature may be contrasted with the poor electrode reduction of NO 2 , which is explained by slow NO 2 /nitrite electron self-exchange (eq S12).
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Nevertheless, the oxidation of TEMPO by NO 2 to produce an oxoammonium nitrite (eq S10) is a facile thermodynamically favorable reaction. 14 The much faster reduction of NO 2 by TEMPO compared to reduction at the electrode may be explained by the involvement of an inner-sphere mechanism for the TEMPO/NO 2 process. 15 Oxidation of TEMPOH by NO 2 is also rapid (eq S11), although previous studies suggest that it is at least 3 orders of magnitude slower than the oxidation of TEMPO. 16, 17 Protonolysis of nitrite to form water, NO, and NO 2 is understood to proceed as shown in Scheme 4 in the main text, but the best available literature data we are aware of give only a composite rate for this process (eq S13; k c and k d in Scheme 4 in the main text). 18, 19 This reaction sequence is disfavored in aqueous solution, but the present experiments feature low water and NO concentrations that will favor the forward reaction. The rapid and irreversible reaction of NO with O 2 (eq S14) also will drive the process forward. This reaction has been studied in great depth and is relatively medium-independent. 8 As the reaction proceeds, trifluoroacetate and water will build up in the reaction medium. Dimerization of NO 2 to N 2 O 4 and hydrolysis of N 2 O 4 (eqs S15, S16) is the process that we believe ultimately limits the catalyst lifetime in this system.
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Justification of NO as the lowest NO x oxidation state in the catalytic reaction.
Some NO x -mediated alcohol oxidations are proposed to involve a 2-electron reduction from the nitrite oxidation state to HNO. 22, 23 In these oxidations, a nitrite ester is formed that eliminates HNO to give the carbonyl product. In contrast, the oxidation of TEMPO or TEMPOH by NO x can be expected to have NO as the lowest NO x oxidation state. The O-H bond strength of TEMPOH is ~23 kcal/mol higher than the N-H bond strength of HNO, implying that NO cannot abstract H-atoms from TEMPOH. 24, 25, 26 Direct electrochemical reduction of NO x to HNO is also not relevant at the potentials used for this electrocatalytic reduction. 27 This is fortunate, since HNO must be trapped by an oxidant before it undergoes a very facile dimerization and dehydration to N 2 O, which is kinetically inert under ambient conditions. 26 This difference in nitrogen oxidation states accessed by different catalytic O 2 reduction mechanisms, as well as the reductive trapping of NO 2 noted above, may explain the enhanced stability of combined nitroxyl/NO x aerobic oxidation reactions 28 as well as the electrocatalytic results of the present study.
Self-exchange rate and electrode exchange current conversion -worked examples.
The electrode reaction for oxidation of TEMPO is observed to be reversible by CV (cf. Figure 2 in the main text). The electron exchange reaction of TEMPO and substituted nitroxyls (eq S1) has been measured by EPR line broadening, 10 and is also observed to be relatively fast. In contrast, the direct reduction of NO 2 at the electrode is observed to be slow, which is correlated with the slowness of the NO 2 -nitrite electron exchange reaction (eq S2). (S1)
Given an experimentally determined self-exchange rate for a reaction, such as S1, it is possible to estimate what the exchange current of that species at an electrode would be. The exchange current corresponds to the current of one half-reaction of an electrochemical equilibrium, and is an important kinetic parameter, e.g., in the Tafel equation (eq S3). A higher exchange current indicates that the redox reaction has a lower barrier and will have a more dynamic equilibrium.
The conversion from self-exchange to electrochemical rates takes advantage of the fact that the electrode can act as an imperturbable sink or source of electrons while the reorganization of the solution species in response to redox changes is the same. 11 Thus, the barrier height is halved at the electrode because only one solute molecule is in the reaction. Converting rates is then possible via eq S4, where k electrode is the rate at which molecules react when striking a unit area of electrode and k se is the second-order self-exchange rate constant.
The Z terms are the collision frequencies of the reacting molecules with either a unit area of the electrode or each other, and have the same units as their respective rate constants. For selfexchange reactions, Z se is the ca. 10 11 M -1 s -1 from Eyring theory, while Randles has two estimates for the electrode collision frequency Z electrode that are ca. 10 4 cm·s -1 . 12 The most conceptually straightforward electrode collision factor estimate is obtained by multiplying the frequency factor, kT/h, by the fraction of a unit volume that is in the inner Helmholtz layer adjacent to a unit area of the electrode surface, since only those molecules colliding with the electrode can react. The units for the electrochemical rate constant are typically in cm·s -1 . As a result, exchange current densities in units of A·cm -2 can be readily calculated from Eq. S5 if the concentration C is expressed in mol·cm -3 . The current density will be in mA·cm -2 if the concentration is in mol·l -1 .
Returning now to reaction S1, whose rate constant k se can be approximated as 10 8 M -1 s -1 , one can estimate its k electrode as ~300 cm·s -1 . Assuming a 10 mM solution, an exchange current density of ~300 A·cm -2 is calculated. In contrast, using the best value of 10 M -1 s -1 for the NO 2 /NO 2 -reaction in eq S2, a k electrode of ~0.1 cm·s -1 is estimated, with an exchange current density of ~0.1 A·cm -2 . While the quantitative values derived here are rather crude estimates and are influenced by mass transport from the stirred bulk solution to the electrode, the difference of k electrode between the two species is significant and is believed to account for the importance of TEMPO as an electron transport mediator.
Electrocatalytic O 2 reduction with CoTPP.
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A solution of 0.5 M KPF 6 in 9:1 CH 3 CN:CF 3 CO 2 H was purged with nitrogen until CV showed no sign of the irreversible single-electron reduction of O 2 . To this solution was added 1 mM of CoTPP + BF 4 -, which was allowed to dissolve with stirring. Subsequent CV scans showed a quasireversible feature at ~ -100 mV vs Fc/Fc + . On purging the system with air, this feature became a slowly-rising catalytic wave with an onset at the same potential ( Figure S13 ). 
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CV measurements were also performed on ACT in the absence and presence of NaNO 2 in this medium ( Figure S15 ). An E 1/2 of 0.322 V vs. Fc/Fc + was observed, along with little evidence of disproportionation. A catalytic wave appeared at a similar potential on the addition of NaNO 2 . Under O 2 , but otherwise similar conditions, a steady-state ORR electrolysis experiment was then performed with the ACT/NO x -mediator system under these conditions at an applied potential of + 0.321 V vs. Fc/Fc + . The current was somewhat lower than that observed under the unbuffered conditions described above; however, >26 turnovers with respect to ACT were observed over a 4 hour period.
Potentials of Porphyrin and Corrole Molecular ORR Catalysts.
Selected porphyrin, corrole, and enzyme active site mimic complexes discussed in the main text are reproduced below in Table S2 along with their ORR E 1/2 potentials and redox potential references as originally reported. The reader who just can't get enough is referred to several review articles on these complexes and references therein. 
